Desmoplasia is a hallmark of intrahepatic cholangiocarcinoma (ICC), which constitutes a barrier to infiltration of lymphocyte, but not myeloid cells. Given that dense desmoplastic stroma has been reported to be a barrier to infiltration of lymphocyte, but not myeloid cells. We here investigated whether fibroblastic FAP influenced ICC progression via nonT cellrelated immune mechanisms. We demonstrated fibroblastic FAP expression was critical for STAT3 activation and CCL2 production, and ICCCAFs were the primary source of CCL2 in human ICC microenvironment by using ICCFbs from six ICC patients. Fibroblastic knockdown of FAP significantly impaired the ability of ICCCAFs to promote ICC growth, MDSCs infiltration and angiogenesis, which was restored by adding exogenous CCL2. Furthermore, interestingly, the tumorpromoting effect of fibroblastic FAP is dependent on MDSCs via secretion of CCL2, as depletion of Gr1 + cells reversed the restoring effects of exogenous CCL2 on tumor growth and angiogenesis. In vitro migration assay confirmed that exogenous CCL2 could rescue the impaired ability of ICCFbs to attract Gr1 + cells caused by fibroblastic FAP knockdown. In contrast, fibroblastic FAP knockdown had no effect on ICC cell proliferation and apoptotic resistance. Depletion MDSCs by antiGr1 monoclonal antibody in subcutaneous transplanted tumor model abrogated tumor promotion by ICCCAFs suggested that the protumor function of Fibroblastic FAP relied on MDSCs. Mechanical, flow cytometry and chamber migration assay were conducted to find Fibroblastic FAP was required by the ability of ICCCAFs to promote MDSC migration directly. Moreover, fibroblastic FAP knockdown had no effect on cell proliferation and apoptotic resistance. Here, we revealed the Tcell independent mechanisms underlying the ICCpromoting effect of fibroblastic FAP by attracting MDSCs via CCL2, which was mainly attributed to the ability of FAP to attract MDSCs and suggests that specific targeting fibroblastic FAP may represent a promising therapeutic strategy against ICC.
Introduction
Intrahepatic cholangiocarcinoma (ICC) is the second most common type of primary liver cancer with a very poor prognosis [1] . The incidence and mortality rates of ICC are recently increasing worldwide, however, the cellular and molecular pathogenesis of ICC is poorly understood [2, 3] . Dense desmoplastic stroma has long been considered to be a hallmark histological feature of ICC, although ICC is heterogeneous in many aspects such as cellular and molecular phenotypes and genomic differences [4] [5] [6] . The desmoplastic stroma of ICC is characterized by the enrichment of activated myofibroblasts that express aSMA, which is also a common marker for cancerassociated fibroblasts (CAFs) [4, 5] . Clinical studies suggest that desmoplastic stroma is associated with ICC prognosis [2, 7] . For example, abundance in the fibrous stroma and the higher levels of aSMA in ICC patients with resected tumor were reported to negatively correlate with the clinic prognosis of ICC [7] . Moreover, increasing evidence demonstrates that fibroblasts contribute to the progression of ICC by influencing tumor cell biology [8] [9] [10] [11] .
aSMA + CAFs have been considered to be heterogeneous with phenotypically distinct subpopulations, for example, ICC patients with CAFs expressing a mucinlike transmembrane glycoprotein have increased lymph node metastasis and worse clinic outcome [12, 13] . Fibroblast activation protein (FAP), a serine protease, is selectively expressed on CAFs in many human solid tumor [14, 15] . Accumulating data demonstrate that targeting FAP genetically, or with vaccines or pharmacological agents including inhibitor and CART cells [16] [17] [18] , as well as targeting FAPexpressing cells [19, 20] , could impair tumor progression in several mouse models via different mechanisms. Our previous study using tumor model of immunocompetent mouse demonstrated that FAP is responsible for the inflammatory phenotype of CAFs by activating STAT3CCL2 signaling, which mediates tumor recruitment of myeloidderived suppressive cells (MDSCs), thereby antagonizing antitumor T cell immunity, leading to tumor growth [21] . Importantly, we demonstrated the adverse predictive role of stromal FAP levels in human ICC by immunohistochemical staining of ICC tissue microarrays, suggesting that FAP + CAFs may contribute to ICC growth [21] .
Infiltration of immature myeloid cells is one of the hallmarks of cancer [22] . Tumorassociated macrophages (TAMs) and MDSCs are two major myeloid cell types found in solid tumors [22, 23] . CD163 + TAMs with a M2 phenotype have been implicated in ICC progression, predicting a poor clinical outcome [24] . In addition to their immunosuppressive function, TAMs and MDSC aggravate tumor progression via many other mechanisms including the promotion of angiogenesis and epithelialmesenchymal transition (EMT) [25] [26] [27] . Thus, the understanding of their functions of myeloid cells in addition to their immunosuppressive function would be helpful to develop a more specific anticancer strategy targeting the patients with weak immune system.
In the present study, we aimed to examine whether and how FAP expression in ICC patients derived fibroblasts promoted ICC tumor growth in immunodeficient situations by using nude mice. We confirmed the FAP was necessary for inflammatory phenotype of ICCCAFs. On the mechanism, we found that fibroblastic FAP contributed to CAFmediated tumor growth by promoting tumor cell proliferation and angiogenesis, which relay on CCL2MDSCs axis.
Materials and methods

Mice and cell lines
Male nude mice were purchased from the Chinese Academy of Sciences (Shanghai, China). All mice were kept and bred in a specific pathogenfree environment in the animal facility of Shanghai Medical College, Fudan University, and all animal experiments were approved by the Animal Care and Use Committee at Fudan University, Shanghai, China. ICC cell lines of QBC939, HCCC9810, and RBE were obtained from Liver Cancer Institute, Zhongshan Hospital, Fudan University [28] . All cell lines were tested to exclude mycoplasma contamination before experiments.
Human samples
Freshly resected tumor, noncancerous liver tissues and blood samples from ICC patients were obtained from Liver Cancer Institute, Zhongshan Hospital between July 2014 and March 2016. The study protocol was approved by the Institute Review Board of Zhongshan Hospital, Fudan University.
The isolation of human fibroblasts
Fibroblasts were isolated as previously described [21] . Briefly, tumor or noncancerous liver tissues resected from ICC patients were digested in 1 mg/ml collagenase IV (Sigma) at 37 C for 1 h. Fibroblasts were enriched by antihuman Fibroblast Microbeads (#130050601, Miltenyi Biotec) and cultured in complete DMEM.
Lentivirus vector preparation and fibroblast transduction
The sequences for siRNA targeting fap (fap1, GCTTCAAAT-TACGGCTTAT, fap2, GCTCTCTGGTGGTCTC CTA, fap3, GGTGGATTCTTTGTTTCAA) were designed and synthesized by Gen-ePharma (GenePharma). Western blotting data showed that siRNA fap3 sequence was most efficient in inhibiting FAP expression. Thus, siRNA fap3 was used for FAP knockdown. Shorthairpin RNA (shRNA) specifically targeting human FAP was constructed in lentiviral vector pSIH1H1copGFP vector (System Biosciences). Shorthairpin RNA (shRNA) specifically targeting scramble siRNA (GGTGCATTCTATG-TATCAA) was constructed in lentiviral vector pSIH1H1copGFP vector as the control vector. Lentivirus was generated and transduced vectors into ICCCAFs according to the manufacturer's protocol to generate Control CAF or FAP kd CAF.
Coimmunoprecipitation and Western blotting
For coimmunoprecipitation (CoIP), fap gene (NM_007986.2) was cloned into pCMVTag2Bflag vector, and Plaur gene (NM_011113.3) into PCDNA3.1HA vector. Primary antibodies against uPAR (R&D Systems), FAP (Abgent), HA (Santa Cruz Biotechnology) were used. The rabbit normal IgG antibodies (Santa Cruz Biotechnology) were added as a control. AntiFLAG M2 Affinity Gel (Sigma) was used for immunoprecipitation. For Western blotting, Protein concentration was measured by using BCA protein assay kit (Pierce). 20 g protein samples were used and transferred onto polyvinylidene fluoride (PVDF) transfer membrane (Millipore). The membrane was blocked with 5% blotting grade milk powder in TBST (50 mM TrisHCl, 0.15 M NaCl, 0.1% Tween20, pH: 7.4). The Western blotting was performed as previously described [21] . The antibodies were shown in Supporting Table S1 .
Gr-1 + cells depletion
Gr1 + Cells were depleted by 100 g antiGr1 monoclonal antibody (aGr1, clone RB68C5) (Bioxcell) via intravenous injection 24 hr before tumor cells challenge for every 3 days.
RNA isolation and quantitative real-time PCR (qRT-PCR)
RNA was isolated by TRIzol (Invitrogen) and reversetranscribed into cDNA by PrimeScript RT Master Mix (TaKaRa). qRTPCR was performed by Applied Biosystems 7500 using Power SYBR Green Master kit (TaKaRa). The relative expression of target gene was calculated using the 2C (t) method. Fold induction of target gene expression were calculated by normalization to control group. The primer sequences of all genes for PCR are shown in Supporting Table S3 .
Enzyme-linked immunosorbent assay (ELISA)
ICCCAFs or FAP kd ICCCAFs were cultured for 24 h, and the supernatants were collected. CCL2 concentrations were measured using a human CCL2 ELISA Kit (R&D Systems).
Subcutaneous transplanted tumor model
Fibroblasts derived from ICC tissues (ICCCAFs) or FAP kd ICCCAFs (in which FAP was knockdown) (2X10 5 each) were subcutaneously coinjected with QBC939 cells (1 10 6 ) into nude mice. The tumor volume was calculated by the following formula: V = /6X (larger diameter) (smaller diameter) 2 . CCL2 protein (5 g/mouse, Peprotech) or PBS as control were administered around the site of the tumor every other day starting from day 7.
Immunohistochemistry (IHC)
IHC staining of tumor tissue sections was performed using the avidinbiotinperoxidase complex method. Antibodies against CD31 (1:200, sc1506, Santa Cruz) or Ki67 (1:100, AF7689, R&D Systems) were used. The proliferation index was quantified according to the mean numbers of ki67 + cells in five high power fields (HPF) [17] . For the evaluation of microvessel density (MVD), brownstained endothelial cell or endothelial cell cluster that clearly separated from tumor cells or stromal cells were counted as one microvessel [29] .
Chemotaxis assay
Blood samples from ICC patients were obtained from Liver Cancer Institute, Zhongshan Hospital. CD14 + cells were sorted by CD14 + beads (Miltenyi Biotec). Ten thousand sorted CD14 + cells were added to the upper chambers of Transwell (5 m, 24well format; Corning, USA). The supernatants from various fibroblasts were added to the lower chambers with or without CCL2 (100 ng/ml). Cells migrated to the lower chambers were counted by CyAn (Beckman Coulter) after 4 h incubation.
Flow cytometry
The tumor tissue was cut into pieces and digested by collagenase IV (1 mg/ml) for 1 hour at 37 C. Resuspended cells were blocked with Fc antibody first and then stained with antibody. Ly6G + CD11b + F4/80 cells were considered as PMNMDSCs. Ly6C + CD11b + F4/80 cells were considered as MoMDSCs. F4/80 + CD11b + cells were considered as tumorassociated macrophages. Sorted CD14 + myeloid cells from peripheral blood of ICC patients were further confirmed by staining with antibodies as CD33 + CD14 + CD11b + cells. The following antibodies were shown in Supporting Table S2 . Samples were acquired by FACS Cyan instrument and analyzed with Summit (Beckman Coulter).
Statistical analysis
The comparisons between two groups were performed by twotailed Student's ttests. Multiplegroup comparisons were performed by twoway ANOVA followed by a Bonferroni correction to compare each group. The 2 test or Fishers exact test was used for qualitative variables compar-ison. Statistical analyses were performed by Graph Prism V5.2. p < 0.05 was considered statistically significant.
Results
Fibroblasts derived from tumor tissues of ICC patients express FAP, which promotes STAT3 activation
We first attempted to confirm the FAP expression in fibroblasts derived from ICC tissues (ICCCAFs). Fibroblasts isolated from paired noncancerous liver tissues were used as control (CtrlFbs). ICCCAFs from six ICC patients each expressed FAP, while CtrlFbs expressed very little, if any, FAP by western blotting ( Figure 1A ). Immunofluorescence staining revealed extensive expression of aSMA in ICCCAFs, and only a subset of aSMA + CAFs expressed FAP ( Figure 1B) , indicating that FAP + CAFs may represent a phenotypically distinct subpopulation. Although FAP has a short intracellular domain, our previous study suggested that it interacts with uPAR in mouse hepatocellular cancer (HCC) CAFs [21] . Firstly, we examined that ICCCAFs expressed uPAR. Moreover, CoIP results showed that FAP interacts with uPAR in ICCCAFs, which suggesting that FAP may induce the intercellular signal in ICCCAFs through uPAR (Figure 1C ). STAT3 was an important transcription factor for inducing inflammatory signals in CAFs [30] . To investigate whether FAP effected on the activation of STAT3 in CAFs, we specifically knocked down FAP in ICCCAFs by using FAP specific shRNA adenovirus (FAP kd CAF). ICCCAFs transfected with vector contained scramble shRNA as control CAFs (CAF). The efficiency of FAP specific siRNA was confirmed by Western blotting ( Figure 1D ). Compared with CtrlFbs, ICCCAFs had marked increases in pSTAT3 protein levels, which was significantly reduced by knockdown of FAP ( Figure 1A and E). Collectively, these data demonstrate that fibroblasts isolated from ICC patients express FAP, which is important for the activation of fibroblastic STAT3 inflammatory signaling.
Knockdown of FAP in ICC-CAFs inhibits tumor growth in a xenograft mouse model of human ICC
To further investigate whether FAP contributed to the ability of ICCCAFs to promote ICC growth in vivo, we established a xenograft model of human ICC by subcutaneously injecting QBC939 ICC cells alone or with ICCCAFs or FAP kd ICCCAFs in the flanks of nude mice. Coinjection with ICCCAFs significantly promoted the volume and the weight of tumors, which was markedly reduced by specifically knockdown of FAP in ICCCAFs (Figure 2A and B) . To evaluate the ICC cell proliferation rate, tumor sections were stained with antiKi67 antibodies. There were significantly less Ki67positive cells in tumors coinjected with FAP kd -ICCCAFs than those with CAFs ( Figure 2C ), indicating that fibroblastic FAP is required for promoting tumor cell proliferation in vivo. We therefore analyzed MVD by staining CD31 and gene expression of several proangiogenic factors in tumors coinjected with CAFs or FAP kd CAFs. FAP knockdown caused an obvious decrease in CD31positive staining, suggesting a less MVD in tumors ( Figure 2C ). Consistently, significantly decreased gene expression of angiogenic factors was detected in tumors coinjected with FAP kd ICCCAFs ( Figure 2D ). Take together, FAP knockdown in ICCCAFs still could suppress tumor growth in nude mice that are deficient in T cells prompted us to propose that FAP may promote tumor growth via nonT cellrelated mechanism.
Fibroblastic FAP does not directly promote ICC cells proliferation and apoptosis
Accumulating data showed that CAFs play a crucial role in accelerating the progression of ICC via the direct effect on the biology of tumor cells [5] . Our in vivo study suggested that fibroblastic FAP induced tumor cells proliferation. We then asked whether FAP contributed to the effect of ICCCAFs on the biology of ICC cells including proliferation and apoptosis directly. To this end, we incubated three ICC cell lines, QBC939, HCCC9810 and RBE, with supernatants from ICCCAFs or FAP kd -ICCCAFs. Incubation with supernatants from ICCCAFs or FAP kd -ICCCAFs did not affect the proliferation of all three ICC cell lines as determined by CCK8 and BrdU assay ( Figure 3A and B) . In contrast, incubation with supernatants from ICCCAFs significantly decreased the percentages of Annexin V + apoptotic cells in the culture of three ICC cell lines, which, however, was not affected by FAP knockdown ( Figure 3C) . These data suggest that ICCCAFs have no effect on the proliferation of ICC cells, but could promote apoptosis resistance of ICC cells in a FAPindependent manner.
CCL2 mediates ICC-promoting effect of fibroblastic FAP
As inflammatory CAFs in tumor microenvironment was important for tumor cell proliferation and angiogenesis, we examined the inflammatory associated genes regulated by STAT3 in ICCCAFs. Compared with CtrlFbs, ICCCAFs had marked increases in gene expression of STAT3 regulating inflammatory cytokines, particularly CCL2 ( Figure 4A ). Consistently, FAP knockdown significantly reduced the secretion of CCL2 production by ICCCAFs ( Figure 4B ). Moreover, we found that CAFs were the major source for CCL2 in ICC microenvironment, as evidenced by much higher levels of CCL2 gene expression in CAFs derived from 7 patients than those in tumor tissues from the same patients ( Figure 4C ). To determine whether CCL2 mediated the tumorpromoting effect of FAP in ICCCAFs, exogenous CCL2 was injected into the tumor coinjected with FAP kd ICCCAFs. Addition of CCL2 could restore the reduction in tumor growth accompanied by increased tumor cell proliferation and angiogenesis (Figure 2A-D) . These results together suggest that ICCpromoting effect of fibroblastic FAP is mediated by CCL2. In addition to their immunosuppressive functions, MDSCs are reported to promote tumor growth and metastasis by promoting angiogenesis [25, 26] , and MDSCs are reported to be the important source for angiogenic factors in the tumor microenvironment [26, 31] . Flow cytometry results showed significantly increased frequencies of two subsets of MDSCs, PMNMDSCs and MMDSCs, as well as macrophages, were observed in tumors coinjected with ICCCAFs which was significantly reduced by specifically knockdown of fibroblastic FAP ( Figure 4D ). We then investigated how FAP expression in ICCCAFs influenced MDSCs. We first examined the chemotaxis of sorted myeloid cells from peripheral blood of ICC patients toward supernatants from ICCCAFs or FAP kd ICCCAFs by transwell assay. FAP knockdown significantly impaired the ability of ICCCAFs to attract myeloid cells, which was rescued by addition of CCL2 ( Figure 4E ). In contrast, compared with supernatants from ICCCAFs, those from FAP kd ICCCAFs had a significantly impaired ability to enhance angiogenic gene expression, which could not be restored by addition of CCL2 ( Figure 4F ). These results together suggest that FAP is required for the ability of ICCCAFs to mediate the migration in a CCL2dependent way, and angiogenic function in a CCL2independent way.
ICC-promoting effect of fibroblastic FAP is dependent on Gr-1 + MDSCs
Given that exogenous CCL2 restored infiltrating MDSCs in tumors coinjected with FAP kd ICCCAFs, we then investigated whether ICCpromoting effect of fibroblastic FAP was dependent on Gr1 + MDSCs via CCL2. To this end, we depleted Gr1 + MDSCs by i.v. injecting aGr1 neutralizing antibodies into nude mice which were s.c coinjected QBC939 ICC cells with FAP kd ICCCAFs followed by CCL2 treatment. The deple-tion deficiency was confirmed by flow cytometric analysis of tumor tissues showing no detectable Gr1 + MDSCs ( Figure 5A ). Depletion of Gr1 + MDSCs abrogated the restoring effects of CCL2 in tumors coinjected with FAP kd ICCCAFs, as evidenced by marked reduction in tumor volume and weight of tumors ( Figure 5B and C) . These findings were further supported by IHC staining showing significant less Ki67 positive cells observed in tumor sections after Gr1 + MDSCs Depleted (Figure 5D and E). Consistently, the number of CD31 + cells and the expression of angiogenesis associated genes also significantly decreased in MDSCs Depleted group (Figure 5E and F) . These data together demonstrate that tumorinfiltrating Gr1 + MDSCs are required for the ability of fibroblastic FAP to promote ICC growth.
Discussion
Despite accumulating evidence demonstrating that fibroblasts play a crucial role in ICC development and FAP is expressed in CAFs from many tumor types, the direct evidence that FAP is expressed in fibroblasts derived from ICC is still lacking and how fibroblastic FAP contributes Neoplasia Vol. 21, No.12, 2019 Fibroblastic FAP promotes intrahepatic cholangiocarcinoma Y. Lin et al. 1137
to ICCpromoting effect of fibroblasts remains unknown. First, this study provides the direct evidence that FAP was expressed in fibroblasts isolated from 6 individual surgical samples of ICC patients by western blotting and immunofluorescence staining. Moreover, we here demonstrate that fibroblasts derived from tumors of ICC patients express FAP have higher STAT3 activation and CCL2 production, which was greatly reduced by FAP knockdown. Furthermore, fibroblastic FAP is required for tumor growth and MDSC infiltration in a CCL2dependent manner by using a xenograft mouse model of human ICC. Moreover, in vitro studies reveal that fibroblastic FAP is critical for ICCCAFs to mediate migration of MDSCs via CCL2.
Lots of studies have suggested that there were various fibroblast subsets in the tumor microenvironment and inflammatory diseases, and only part fibroblast subsets contribute to inflammation, tumor progression and cancer therapy resistance [21, [32] [33] [34] . A recent study found that it was FAP + fibroblasts contributing to inflammation in arthritis by using singlecell RNA sequencing [32] . Our previous study showed that FAP + CAFs were a subset of inflammatory CAFs in HCC [21] . Although CAFs isolated from ICC patients were aSMA positive fibroblasts, we found that FAP only expressed on a subset of aSMA + CAFs In the ICC tumor microenvironment. Moreover, our data demonstrated that FAP knockdown in ICCCAFs has lower STAT3 activation and inflammatory cytokines expression, suggesting that FAP was a functional marker of activated CAFs, more than a byproduct marker. MDSCs are a crucial immune component in the tumor microenvironment, facilitating all stages of tumor development via various mechanisms [22, 35] . Despite accumulating data about MDSCs in tumorbearing mouse model [21, 35] , the information of MDSCs is relatively limited in human cancers. FAP was previously demonstrated to induce immunosuppression in the tumor microenvironment by antagonizing antitumor T cell immunity [19] [20] [21] . Considering limited infiltration of T cells, but not myeloid cells, in cancer with dense desmoplastic stroma [36, 37] , we speculated that fibroblastic FAP may also facilitate ICC development via nonT celldependent mechanisms. Using a tumor model by coinjecting fibroblasts and tumor cells into immunodeficient mice, we demonstrated that ICCCAFs promoted QBC939 ICC cell growth in vivo accompanied by increases in tumor infiltration of MDSCs and macrophages, and gene expression of angiogenic factors. Importantly, FAP knockdown completely impaired the tumorpromoting effect of ICCCAFs, which was reversed by adding exogenous CCL2. Altogether, these data emphasize a nonT celldependent mechanism underlying ICC growth inhibition by targeting fibroblastic FAP. Otherwise, the previous study showed that FAP expressed on the surface of tumorassociated macrophage in human breast cancer [38] . However, we found that the TAM of ICC did not express FAP (data not shown). Therefore, whether FAP expressed on TAM may rely on its tumor microenvironment and tumor types.
We further clarified the possible nonT celldependent mechanisms by which fibroblastic FAP promoted ICC growth. FAP can promote tumor growth via its enzyme activity or nonenzyme activity to shape the protumorigenic functions of CAFs [39, 40] . Ours and other studies have demonstrated that FAP regulated the expression of CCL2. Moreover, FAP did not cleave CCL2 spite FAP cleavage sites being present in CCL2 [39] . Taking together, these results suggested that protumorigenic functions of FAP in ICC via CCL2 were dependent on its introcellular activation of STAT3 signal in CAFs. Moreover, we demonstrated that fibroblastic FAP mediated tumor recruitment of MDSCs in CCL2dependent manner. In addition to mediating immunosuppression, MDSCs could promote tumor progression by enhancing angiogenesis in a paracrine pathway [26] . We demonstrated that ICCCAFs enhanced the ability of MDSCs to express various angiogenic factors, particularly MMP9 that was reported to be primarily produced by MDSCs [26] , in a FAPdependent manner, however, considering that ICC is a hypovascular cancer [41] , the enhancement of tumor angiogenesis may not be the major attribution to the ICCpromoting effect of fibroblastic FAP. CCL2 production regulated the vicious cycle between tumor cells and macrophages that promotes the progression of tumors [42] . Fibroblastderived CCL2 was recently shown to promote breast cancer progression by regulating NOTCH activation and macrophage infiltration [43, 44] . Consistent with this study, we showed that fibroblasts were the major source of CCL2 in human ICC microenvironment. However, coculture with supernatants from ICCCAFs failed to enhance cell proliferation. Thus, FAP and CCL2dependent increases in ICC cell proliferation in vivo could not result from the direct effect of ICCCAFs on ICC cells. Given that myeloid cells including MDSCs and macrophages are implicated in promoting cancer growth [25, 26, 35] , it is likely that CCL2 derived from FAP + ICCCAFs mediates migration of MDSCs to tumor sites, where they support cancer cell proliferation.
Most studies focused on the crosstalk between fibroblasts and cholangiocarcinoma cells, demonstrating that fibroblasts directly promote cancer cell apoptotic resistance, migration and/or EMT by secreting a variety of mediators [8] [9] [10] [11] 13] . We demonstrated that ICCCAFs directly reduced the frequencies of apoptotic cells in the cultures of three ICC cell lines, but not dependent on FAP. However, the previous study showed that overexpression FAP in LX2, a liver fibroblast cell line, did not increase tumor cells apoptosis directly, but can enhance staurosporine streptomycesinduced tumor cells apoptosis [45] . As the CAFs play an important role in the chemotherapy resistance, therefore, we did not exclude that FAP may play a synergetic effect on apoptosis resistance under some chemotherapeutic treatment.
Conclusion
In summary, our study provides the first evidence that FAP is expressed by ICCderived fibroblasts, which is the main source of CCL2 in the ICC microenvironment. We further demonstrate that fibroblastic FAP promotes ICC growth indirectly by attracting MDSCs to tumor sites via CCL2 specific targeting fibroblastic FAP may represent a more effective and safer strategy against ICC. 
